INTRODUCTION
Tralomethrin [(S)-a-cyano-3-phenoxybenzyl (1'RS)-cis-(1R, 3R)-3-(1, 2, 2, 2-tetrabromoethyl)-2, 2-dimethylcyclopropanecarboxylate], like deltamethrin [(S)-a-cyano -3-phenoxybenzyl (1 R, 3R)-3-(2, 2-dibromovinyl)-2, 2-dimethylcyclopropanecarboxylate], is highly insecticidal and toxic to mammals. -3) However, tralomethrin is readily debrominated into deltamethrin in the bodies of insects4) and rats2) and by ultraviolet light. 5) Thus, the insecticidal activity of tralomethrin is assumed to arise from deltamethrin contained in the tralomethrin sample as an impurity, or from deltamethrin produced through nonenzymatic debromination of tralomethrin. 2, 4) Kaneko et al. have found that tralomethrin is converted to deltamethrin inside the larvae of tobacco cutworms much more quickly than on the larval surface. 6) Electrophysiological studies using insect nerve-muscle preparations show that tralomethrin per se is inactive in Heliothis virescens, Chilo partellus, and Plutella xylostella."
This experiment was to see whether tralomethrin per se has any activity by injecting or topically applying the compound to the tobacco cutworm, Spodoptera lituya, a serious pest of vegetables. Electrophysiological methods were also used for the experiment.
MATERIALS AND METHODS

Chemicals
Deltamethrin was prepared by the method of Elliott et al. 8' The purity of the compound was 99. 5 %. Tralomethrin was prepared as follows: to a solution of deltamethrin (3. 00 g) in CC14 (15 ml), a solution of bromine (1. 05 g) in CC14 (5 ml) was added with stirring at 0C and the mixture was stirred for 3 hr at room temperature. The resulting solution was concentrated at room temperature under reduced pressure and the residue was chromatographed on silica gel (eluent, n-hexane: ethyl acetate, 85: 15, v/v) to give tralomethrin (4. 80 g) as a mixture of diastereoisomers, that separated into two spots on thin-layer chromatography of silica gel with the solvent system of n-hexane: ethyl acetate (88: 12, v/v). Here, the compounds with higher and lower Rf values were named tralomethrin A and B, respectively. They were identified as diastereoisomers of tralomethrin by proton magnetic resonance and mass spectrometry. The purity of tralomethrin and the mixture ratio of A and B were determined by high-performance liquid chromatography [column, Lichrosorb SI-60; mobile phase, n-hexane: n-pentane: dioxane: acetonitrile: isopropanol ( 
Injection
One microliter of ethanol solution of each compound was injected subcutaneously into the abdominal cavity of the sixth (last) instar larvae of S. litura (mean weight: 0.689+0. 026 g) through the first proleg with a microsyringe under mild CO2 anesthesia. The insects were kept in a plastic cup at 25°C and their symptoms were observed. Ethanol in this volume did not have any toxic effect. Five larvae were used for each test.
Topical Application
One microliter of the acetone solution of each sample of tralomethrin (samples 1 and 2) or deltamethrin was topically applied to the dorsal surface of the third instar larvae of S. litura (mean weight: 0. 0362+0. 0031 g) with a glass capillary without anesthesia. The tralomethrin solution was prepared immediately before each experiment.
The insects were placed in a plastic cup at 25C and their symptoms were observed. Acetone in this volume produced no toxic effect. Ten larvae were used for each test.
Electrophysiological Studies
Electrophysiological experiments were performed with intersegmental longitudinal muscle fibers of the sixth instar larvae of the tobacco cutworm, which were innervated by motoneurons originating from the third abdominal ganglion. 9) To estimate the effects of the chemicals on the neuromuscular junctions the miniature excitatory postsynaptic potentials (mEPSP) were measured as described bef ore. 7, 10) Insects were mounted the ventral side up on a paraffin plate and dissected by ventral incision. The alimentary canal and the associated fat bodies were removed, exposing the nervous system and the dorsal muscle fibers. The nerve-muscle preparation was immersed in physiological saline containing 150 mM NaCI, 3 mM KCl and 3 mM CaCl2, pH 6. 6. The mEPSP was measured using a glass microelectrode filled with 3 M KCl whose resistance was 5-10 MSS. After recording the mEPSPs in normal saline (Figs. 1 A and C), the saline was changed to the test solution. The chemicals (sample 3 and deltamethrin) were dissolved in dimethyl sulfoxide (Me2SO) at the concentration of 1 X 10_2 M and diluted in saline to a desired concentration before the experiments. The final concentration of Me2SO was less than 0.1% (v/v), which did not affect the preparations. The preparation was incubated in the test solution for 10 min in the dark to minimize the photodebromination of tralomethrin. Then the solution was changed to fresh saline to find the percentage of fibers with mEPSP of increased frequency (Figs. lB and D) . Ten fibers for each larva were pierced and measured for about 1 min. The criterion of Irving and Fraser7) was employed for the measurement of increased frequency of the mEPSP. For each test sample, 3-9 larvae were used. All experiments were carried out at room temperature (20-25C). 
RESULTS
When tralomethrin and deltamethrin were injected or topically applied to the larvae of S. litura, typical symptoms were: first, anomalous movement and occasional vomiting of digestive juice, then slight convulsion, and occasional violent twisting of the body, followed by stop of all movements. Slight convulsion was regarded as the moribund symptom, as it is the first distinct sign of toxicity.
The onset of the moribund symptom observed in the sixth instar larvae after tralomethrin A (sample 1) or deltamethrin was injected is shown in Fig. 2 . Six minutes after injection of 1.5 X 1012 mol of tralomethrin A, larvae showed the moribund symptom. Larvae treated with 1.5 X 10-13 or 1.5 X 10)s mol of tralomethrin A developed symptoms after 14. 8 The onset of the moribund symptom observed in the third instar larvae when tralomethrin A (sample 1), tralomethrin A and B (sample 2), and deltamethrin were topically applied is shown in Fig. 3 . Larvae treated with 1. 5 X 107 mol of tralomethrin A or 1. 5 X 10-8 mol of tralomethrin A and B developed the moribund symptom after 13.0 and 12. 9 min, respectively. The symptom appeared slower than when 5.9 X 1011 mol of deltamethrin was applied (11.4 mm).
Regression lines were calculated in the same manner as for the injec- Fig. 4 show that the concentration needed to increase the response by 50% was 6. 3 x 10-7) M for tralomethrin A and B (sample 3) and 5. 0 x 10-9 M for deltamethrin.
DISCUSSION
The timing of onset of the moribund symptom by injection of tralomethrin A was close to that of deltamethrin. By topical application, however, the activities of tralomethrin A and of tralomethrin A and B together were much lower than the activity of deltamethrin. This discrepancy in the data obtained with two different application methods could be explained by an assumption that the intrinsic activities of tralomethrin and deltamethrin are almost the same at the target site, but the penetration of tralomethrin through the integument is much slower than that of deltamethrin. However, Kaneko et al. report that there is little difference in penetration rates between tralomethrin A and deltamethrin. 6) Also as will be mentioned, the activity of tralomethrin A and B on the preparations of neuromuscular junctions was much lower than that of deltamethrin.
Tralomethrin is easily debrominated to deltamethrin in insects by the action of compounds with thiol groups such as glutathione and cysteine. 3, 4) In S. litura, topically applied tralomethrin can be converted to deltamethrin inside the body. s' The reason why tralomethrin acts more slowly than deltamethrin when topically applied is not clear, but tralomethrin might be converted by thiol group compounds to deltamethrin much faster in the haemolymph than on the cuticle, in the integument and in the nerve-muscle organs that are the site of action of deltamethrin.
3)
The effects of tralomethrin on preparations of neuromuscular junctions were compared with those of deltamethrin. By use of these preparations, the accurate activities of these chemicals could be evaluated since the conversion of tralomethrin to deltamethrin is minimized and transportation from the site of application to the site of action can be ignored. Tralomethrin A and B (sample 3) were not as potent as deltamethrin to increase the mEPSP at the neuromuscular junctions. Irving and Fraser found that tralomethrin per se has no activity by studying the effects of tralomethrin and deltamethrin on the muscle fibers of larvae of H. virescens, C. partellus, and P, xylostella." Our results with neuromuscular preparations of larvae of S. litura were consistant with their findings.
Our conclusion is that the biological activity of tralomethrin per se is extremely low, and that the apparent activity may in fact arise from deltamethrin included in tralomethrin samples or converted from tralomethrin in the body of the tobacco cutworm.
